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INTRODUCTION

In this paper we report on the results of a self-consistent
calculation of CSR effects on a particle bunch moving
through the benchmark Zeuthen bunch compressors. The
theoretical framework is based on a 4D Vlasov-Maxwell
approach including shielding from the vacuum chamber.
We calculate the fields in the lab frame, where time is
the independent variable, and evolve the phase space den-
sity/points in the beam frame, where arc length,s, along a
reference orbit, is the independent variable. Some details
are given in [2], where we also discuss three approaches,
the unperturbed source model (UPS), the self constistent
Monte Carlo (SCMC) method and the method of local char-
acteristics.

Results for the UPS have been presented for 5 GeV be-
fore [3], here we compare them with our new results from
the SCMC and study the 500MeV case. Our work using the
method of characteristics is in progress. The SCMC algo-
rithm begins by randomly generating an initial ensemble of
beam frame phase space points according to a given initial
phase space density. The algorithm then reduces to laying
out one arc length step. Assume that at arc lengths we
know the location of the phase space points and the history
of the source prior tos. We then i) create asmooth repre-
sentation of the lab frame charge and current densities,ρL

andJL, ii) calculate the fields ats from the history ofρL

andJL, and iii) move the beam frame phase space points
according to the beam frame equations of motion. This is
then iterated.

The UPS calculation is similar except the fields are cal-
culated from a function of s computeda priori from the
beam frame equations of motion without the self-fields.
The phase space points are then evolved according to the
equations of motion with these “unperturbed” fields. In the
UPS we use a Gaussian initial density which evolves under
the linear beam frame equations as a Gaussian. This gives
us an analytic formula for the source, which significantly
speeds up the field calculation.

It turns out that the evolution of the unperturbed charge
density for an initial Gaussian gives a reasonable estimate
of the support of the self-consistently calculated charge
density in our study so far. This allows us to follow the
phase space points in a fixed grid region defined by the
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mean center of the Gaussian and an orthonormal transfor-
mation which takes the Gaussian ellipses into circles. We
put the 5σ circle into the square[−1, 1]2 and take this as
our basic region for the calculation. Thus ats we have the
spatial position of the particles scattered in this square. We
then construct a smooth spatial density using a 2D Fourier
expansion on the square, calculating the Fourier coeffi-
cients from the scattered data, as a Monte Carlo integra-
tion. This is a common technique in statistical estimation
[4]. This (analytical) density on the square is then used to
calculate the source for the field calculation on grid points.
Typically we use32 × 32 grid points and16 × 16 Fourier
coefficients. The fields are calculated at the grid points and
the scattered phase space points are moved by interpolating
the fields.

NUMERICAL STUDIES

In [3] we presented numerical results in the UPS for the
benchmark 5 GeV bunch compressor studied in [1]. We
gave a complete description of moments and reduced den-
sities with an emphasis on the effects of shielding and the
transverse forceFx [2, (16)].

In this contribution we show self-consistent results for
the benchmark 5 GeV and 500MeV bunch compressors in
the free space case without shielding. The chicane we study
has 4 magnets of length 0.5 m. The left corners of the mag-
nets are at 0m, 5.5m, 7m and 12.5m. The total length of the
chicane is 15 m. The initial phase space density is Gaus-
sian. In Fig. 1 and in the left frame of Fig. 2 we compare
the self-consistent results with the UPS results. We see that
the agreement is very good indicating that the UPS is a
good approximation at 5 GeV. Notice that self-consistently
the CSR has a bigger effect than in the UPS. In the right
frame of Fig. 2 we plot the charge density ats = 15 m (end
of the chicane)- its support on the normalized grid[−1, 1] 2

is not significantly different from the support of the unper-
turbed density. The charge density is well represented with
12 × 12 Fourier coefficients and106 particles.

In Fig. 3, Fig. 4 and Fig. 5 (here we use20 × 20
Fourier coefficients and106 particles) we show results for
the benchmark 500MeV Gaussian case. We compare a
complete simulation in the UPS vs a preliminary simula-
tion (up to 12 m) in the SCMC. We are currently study-
ing the self-consistent dynamics in the 4th magnet. CSR
here is a stronger perturbation: the change in the energy
moments andx-emittance due to CSR has increased by a
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Figure 1: Comparison between SCMC and UPS results at 5 GeV. Left: mean energy loss〈p z〉. Right: standard deviation
of relative energy deviationσpz

. In both cases the self-consistent results with SCMC are slightly bigger than the UPS
results.
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Figure 2: Left: comparison between SCMC and UPS at 5 GeV:x-emittance. Here thex-emittance calculated with SCMC
is also slightly bigger than the UPS results. Right: SCMC spatial density ats = 15 m (end of the chicane) at 5 GeV.
Notice the SCMC support is close to the support of the UPS spatial density.
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Figure 3: Comparison between SCMC and UPS results at 500 MeV. Left: mean energy loss〈p z〉. Right: Mean power
〈Fz〉. Here CSR effects are 10 times stronger than at 5 GeV. Notice the agreement is not as good as at 5 GeV.
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Figure 4: Comparison between SCMC and UPS results at 500 MeV. Left: standard deviation of relative energy deviation
σpz

. Right: x-emittance. Here CSR effects are similar to the effect on the mean energy loss and mean power.
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Figure 5: SCMC charge density at 500 MeV: Left:s = 7.5 m (entrance 3rd magnet). Right:s = 12 m (0.5 m before the
entrance 4th magnet). Notice the charge density has a different support than the unperturbed charge density and has more
structure.

factor of 10 with respect to the 5 GeV case. In particular,
notice that the finalx-emittance is 6 times the unperturbed
x-emittance (10−6m-rad). Moreover the support of the per-
turbed charge density differs from the unperturbed one and
the density has more structure. A self consistent study
therefore is more challenging at 500MeV. More structure
means more Fourier coefficients are needed. A crucial is-
sue is the choice of the number of Fourier coefficients to
accurately represent the charge density. In Fig. 5 we show
preliminary self consistent results ats = 7 m ands = 12 m
along the chicane. Our strategy to follow the self consis-
tent evolution of the system is to progressively increase the
number of Fourier coefficients.

Our future plan consists in completing the self consis-
tent study of the 500 MeV Gaussian case and the study of
different initial distributions (longitudinal parabolic distri-
bution and nonlinear chirp) both at 5 GeV and 500 MeV.
Shielding effects will be included.

We will focus then on the development of the method
of local characteristics. As pointed out in [3], scatter plots
of the interaction picture variablew = pz0 − uz0 vs z0

indicate the need of a moving grid for strongly correlated
systems, a non trivial task.
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